Case description {#section3-2055116918810897}
================

An 11-year-old 1.93 kg female spayed domestic shorthair cat was originally presented for chronic weight loss in the face of a voracious appetite, and was diagnosed with hyperthyroidism. Referral blood work showed total thyroxine 17.1 (0.8--4.7) μg/dl and alanine aminotransferase 215 (12--130) U/l. Methimazole 2.5 mg q12h treatment was initiated; however, shortly after starting the medication, the cat began vomiting while maintaining a good appetite. No improvement was noted when the methimazole formulation was changed from tablet to liquid. Supportive care with maropitant citrate (Cerenia 1 mg/kg \[Zoetis\]) was instituted without controlling the cat's signs. Orthogonal whole-body radiographs showed severe dilation of the upper and lower gastrointestinal tracts ([Figure 1](#fig1-2055116918810897){ref-type="fig"}), with an impression of esophageal fluid accumulation at the level of the carina, and moderate to marked generalized cardiomegaly. The cat was referred for further diagnostics and care for persistent vomiting, gastrointestinal stasis, and possible dysautonomia.

![(a) Right lateral full-body referral radiograph. There is moderate-to-marked cardiomegaly and marked, diffuse gas dilation of the esophagus (dotted arrows), stomach, and small and large intestines. There is an ill-defined triangular fluid/soft tissue opacity at the carina (asterisk). (b) Ventrodorsal full-body referral radiograph. In addition to cardiomegaly and gastrointestinal gas accumulation, left lung collapse and a mediastinal shift to the left (solid arrows) are visible. R = right; st = stomach](10.1177_2055116918810897-fig1){#fig1-2055116918810897}

On presentation to the Foster Hospital for Small Animals at the Cummings School of Veterinary Medicine, Tufts University, USA the cat had severe muscle wasting with moderate cachexia. The cat had a gallop rhythm, a small right-sided thyroid slip, mild anisocoria (miosis of the left eye) and repeatedly regurgitated on abdominal palpation. No overt lesions involving the paws or digits were noted. Neurologic consultation revealed generalized weak reflexes and withdrawal, with good perianal tone and eye motor function.

Recheck lateral whole-body and dorsoventral thoracic radiographs were obtained ([Figure 2](#fig2-2055116918810897){ref-type="fig"}). Although, classically, abdominal radiographs are taken with a history of vomiting, whole-body radiographs, including the thorax, were chosen in this case so that all previously noted radiographic abnormalities in both the thorax and abdomen could be re-evaluated.

![(a) Left lateral full-body radiograph. The moderate-to-marked cardiomegaly is unchanged, and the diffuse esophageal (dotted arrows) and gastrointestinal gas dilation are mildly reduced compared with the referral radiographs. A rounded soft tissue structure at the carina is now more visible (asterisk). (b) Dorsoventral thoracic radiograph. The previously identified left lung collapse and mediastinal shift (solid arrows) with cardiomegaly are unchanged. R = right; st = stomach](10.1177_2055116918810897-fig2){#fig2-2055116918810897}

The cardiac silhouette was again moderately to markedly enlarged. The left cranial and caudal lung lobes were persistently collapsed, causing a leftward mediastinal shift. The right lung lobes were hyperinflated but otherwise normal in appearance. A focal, rounded, soft tissue opacity was noted overlying the esophagus at the level of the carina, visible only on the lateral view. The entire gastrointestinal tract, including the esophagus, was again diffusely gas-dilated; however, the volume of gas within the stomach and intestines was reduced compared with the previous referral images. Therefore aerophagia was thought a more likely cause than diffuse functional ileus. Cardiomegaly was attributed to thyrotoxic cardiomyopathy. Differentials for the left lung lobes' collapse included chronic lower airway disease (although this was considered unlikely given the lack of evidence for lower airway disease in the aerated right lung), or a mass obstructing the left primary bronchus. The soft tissue structure at the carina was thought to represent either focal fluid within the esophagus or a mass, possibly of esophageal, ectopic thyroid or left-sided pulmonary origin.

After reviewing the history with the owner, the cat was assessed to be chronically regurgitating, not vomiting. Given the possible esophageal involvement with a mass based on clinical signs and radiographic findings, CT of the thorax and/or endoscopic evaluation of the esophagus were recommended. Prior to anesthesia for CT, an echocardiogram was performed to evaluate the cat's cardiac murmur and cardiomegaly. Echocardiography detected a large mass adjacent to the heart base, compressing the pulmonary arteries, which was suspected to be producing a significant increase in right-sided cardiac pressures. Left ventricular hypertrophy was also noted. At the time of the examination, the cat was hypothermic at 96.3ºF and hypotensive at 40 mmHg (systolic). These findings were discussed with the owner and humane euthanasia, with necropsy, was elected.

Post-mortem examination revealed a focal esophageal stricture secondary to local invasion of the esophageal wall by a left-sided pulmonary mass ([Figure 3](#fig3-2055116918810897){ref-type="fig"}). The gastro intestinal tract was otherwise unremarkable besides moderate gas distention. Histopathology of the mass revealed a densely cellular, unencapsulated neoplasm composed of polygonal cells arranged in cords, islands and acini supported by a robust fibrovascular stroma ([Figure 4](#fig4-2055116918810897){ref-type="fig"}). The mitotic count was 19 per 10 high-power fields. Immunohistochemistry staining with thyroid transcription factor-1 revealed variable positive nuclear staining in the neoplastic cells, confirming a lung origin neoplasm and a morphologic diagnosis of pulmonary adenocarcinoma ([Figure 5](#fig5-2055116918810897){ref-type="fig"}). Immunohistochemistry staining with thyroglobulin was negative. The neoplastic cells were found invading the adjacent esophageal musculature, the right atrium and the wall of the main pulmonary artery by both direct and vascular invasion ([Figure 6](#fig6-2055116918810897){ref-type="fig"}). Findings were supportive of primary pulmonary adenocarcinoma with extensive regional tissue invasion causing secondary esophageal stricture.

![Photographs during post-mortem examination. (a) The left cranial and caudal lung lobes are consolidated and there is a solid, irregular, white-to-yellow mass (white asterisk) firmly adhered to the serosal surface of the adjacent esophagus and the base of the heart. (b) The mass seen in (a) is causing marked narrowing of the esophageal lumen (arrow)](10.1177_2055116918810897-fig3){#fig3-2055116918810897}

![On × 4 magnification of the esophagus and trachea, there is a densely cellular, unencapsulated, highly invasive neoplasm. (b) × 40 magnification of the neoplasm shows polygonal cells arranged in cords, islands and acini, supported by a robust fibrovascular stroma](10.1177_2055116918810897-fig4){#fig4-2055116918810897}

![Staining with thyroid transcription factor-1 (TTF-1) shows positive nuclear staining, consistent with a primary lung adenocarcinoma](10.1177_2055116918810897-fig5){#fig5-2055116918810897}

![On × 10 magnification, the myocardium is invaded by both direct and vascular invasion (black asterisks)](10.1177_2055116918810897-fig6){#fig6-2055116918810897}

Discussion {#section4-2055116918810897}
==========

Primary lung tumors are relatively uncommon in cats, with prevalence ranging from 0.69--0.75% in all cats undergoing necropsy.^[@bibr1-2055116918810897]^ Adenocarcinomas account for \>50% of feline primary pulmonary neoplasms;^[@bibr2-2055116918810897]^ less common neoplasms include squamous cell carcinoma and adenosquamous carcinoma.^[@bibr2-2055116918810897][@bibr3-2055116918810897][@bibr4-2055116918810897]--[@bibr5-2055116918810897]^ The caudal lung lobes appear to be more commonly involved.^[@bibr5-2055116918810897],[@bibr6-2055116918810897]^ The treatment of choice for solitary primary pulmonary tumors in cats is wide surgical resection, and median survival times of 12--18 months are reported for cats with completely resected, moderately differentiated lesions.^[@bibr7-2055116918810897]^

The prognosis is guarded, however, for cats with more aggressive or multifocal disease.^[@bibr8-2055116918810897]^ In one study, 85% of cats with pulmonary adenocarcinoma treated only with surgery succumbed to metastatic disease, with a median survival time of 115 days.^[@bibr8-2055116918810897]^ In this same study, the prognosis was negatively affected if the primary lung tumor was poorly differentiated and if there was tracheobronchial metastasis.^[@bibr8-2055116918810897]^ In another retrospective study of surgically treated primary lung tumor, cats that were clinically affected (eg, anorexia, dyspnea, cough, weight loss and lethargy) had significantly shorter survival times compared with cats without clinical signs.^[@bibr6-2055116918810897]^ Of cats that survived to the time of suture removal, median survival time was 64 days.^[@bibr6-2055116918810897]^ The impact of chemotherapy in cats with primary lung tumors is not well studied, but one cat that received mitoxantrone following a lung lobectomy lived for 34 months after surgery.^[@bibr9-2055116918810897]^

In the literature, feline pulmonary tumors have metastatic rates ranging from 76--80%, with a variety of metastatic targets. In one study with a 76% metastatic rate, sites of metastasis included the regional lymph nodes (30%), intrathoracic organs (30%) and variable extrathoracic organs, including the digits (16%).^[@bibr3-2055116918810897]^ In another study, similar findings were observed with approximately 80% of feline pulmonary carcinomas examined metastasizing, with a decreasing order of intrathoracic carcinomatosis (38.5%), regional lymph nodes (33.3%) and distant visceral organs, including liver, kidney and skeletal muscle.^[@bibr2-2055116918810897]^ A syndrome of 'lung--digit disease' has been reported in cats, describing the predilection of pulmonary carcinomas for metastasis to the digits.^[@bibr10-2055116918810897][@bibr11-2055116918810897]--[@bibr12-2055116918810897]^ In one study, approximately 21% of amputated feline digits submitted to a single laboratory contained metastatic pulmonary carcinoma.^[@bibr10-2055116918810897]^ Recently, more unusual metastasis of pulmonary adenocarcinoma to the skeletal muscle, eyes and aorta was reported.^[@bibr13-2055116918810897][@bibr14-2055116918810897][@bibr15-2055116918810897]--[@bibr16-2055116918810897]^

Originally, this cat was referred for suspected feline dysautonomia, given the gas-dilated gastrointestinal tract, as well as the history of vomiting/regurgitation. Dysautonomia is a rare condition reported mostly in Europe, with nine cases reported in the Midwestern USA.^[@bibr17-2055116918810897]^ Young cats (\<3 years old) are more typically affected; however, cases up to 11 years of age have been reported.^[@bibr17-2055116918810897]^ The cat in this case report was 17 years old, and no corresponding sympathetic or parasympathetic deficits were identified on physical or neurologic evaluation (eg, dilated/non-responsive pupils, urinary retention or lack of anal tone). Comparison of referral and follow-up radiographs showed a decrease in gastrointestinal gas, rather than persistent functional ileus, as would be expected with dysautonomia.^[@bibr18-2055116918810897]^ Instead, an esophageal lesion was suspected based on thorough assessment of the recheck radiographs together with the physical and neurological examination findings. Anisocoria was thought to be due to preganglonic Horner's syndrome, given the anatomic location and extensive local invasion of this tumor.

Conclusions {#section5-2055116918810897}
===========

This was a unique presentation of pulmonary adenocarcinoma in which imaging helped clinicians and owners reach the most likely diagnosis and recommendations. Impingement of the esophagus secondary to primary pulmonary neoplasia can be considered a differential diagnosis in a cat with soft tissue opacity within the esophagus, and diffuse gas dilation of the esophagus and gastrointestinal tract.
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